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ABSTRACT

In order to investigate the gas dynamics around young stellar objects, we have

mapped three sources which exhibit supersonic velocities in the 115 GHz, J=1-O

transition of CO (Ballyand Lada 1983). The maps, made with the Owens Valley Radio

Observatory Millimeter Interferometer, are the highest spatial resolution (5"x

5") images currently available of millimeter-wave continuum and line emission from

the sources $106, $87, and LkH_101. Observations were made in the CS (J = 2-1) and

13C0 (J = 1-0) transitions. In all the sources, our observations indicate that the

ionized stellar wind is sweeping up ambient molecular gas. The molecular gas is

found adjacent to the outer edges of the ionized winds, which originate in embedded

infrared sources. From the observations presented here, we may infer that the

outflowing ionized winds are channeled by the surrounding dense, neutral gas.

I. Observations

The inteferometer observations of $87 in the CS (3 = 2-1) line were made with 32

channels at 3kms -I velocity resolution, while for Sl06and LkHGI01, the 13C0 maps

were made at 0.14kms -I resolution. Because the interferometer resolves out 50-90_

of the emission due to missing spatial sampling of large-scale (>30") features,

these sources have also been mapped with the FCRAO 14-m antenna. The single-dish map

of $87 in this contribution is in 13C0, observed with 256 channels at 0.3k ms -I per

channel, sampled every 15" on a 9 x 9 element grid.

II. Results

$87 is anHll region buried in the center of a hot molecular cloud, associated

with anextremely reddened IR source (Ballyand Predmore 1983). It is the clearest

example of a bipolar flow among the three sources discussed in this work. Figure

I shows the single-dish map of $87 in the wings of the 13C0 line, while Figure 2

shows the same source as seen by the interferometer in CS. The positionanglesand

morphologies of the emission agree over a factor of ten in length scale between the

interferometerand single-dish maps, indicating that the bipolar flow is collimated

within 1017 cm of the central star.
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Figure 1

FCKA0 14-mmap of $87 as seen in

the J = I-0 transition of 13C0.

Map center (1950) coordinates are

G=19h 44m 13.7s, 6=24°28105. I".

VLSR = 22 km s -I , so the top

part of the figure is red-shifted

emission (VLsR = 24.5--+28 km s-l),

while the bottom half is

blue-shifted (17-+21.5 km s-l).
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Figure 2

Same source, center coordinates, and VLS R

as in Figure 1, but as seen in the

CS J = 2-1 transition with the 0VR0

interferometer. The red wing is emission

integrated over VLSR=I9-+22 km s -I ,

while the blue wing is integrated

over 22-+25 km s -I .

LkHal01 is a highly obscured emission line star which illuminates a roughly

fan-shaped reflection nebula. In this source, there is a clear anti-correlation

between the optical morphology and the molecular line emission. An unresolved II0

GHz continuum source is centered on the embedded young stellar object. 0ur line

observations suggest that the stellar wind of LkHGI01 has already cleared out most of

the surrounding molecular cloud enviroument (Figure 3).

Figure 3

The 13C0 J = 1-0 interferometer map

of the environs of LkHal01

G(1950)=04h 26m 57.23s, 6(1950)=35°09'55 '',

VLSR=I.5kms -1. The dotted contours

outline the unresolved 0.35 Jy

continuum source coincident with

the Ha emission line star.

S106 is a bipolar optical nebula with a dark lane across its center, making it

a prime candidate for the detection of anedge-on interstellar molecular disk. The

optical emission exhibits a complicated velocity structure; however, the northern

lobe is generally red-shifted, while the southern lobe is blue-shifted (Solfand

Carsenty 1982). Figure 4 shows the 13C0 emission from SI06. Figure 5 shows the

CS emission from SI06 superimposed on the 1.3 cm VLA map (Bally 1985). We find no

evidence of the molecular disk claimed by observers at the Hat Creek Interferometer
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Figure 4 
The interferometer  map i n  13C0 
of S106. The map is  centered on 

IRS4 (Gehrz e t  a l .  1982) 
a(1950)=20h 25m 33.8s, 6(1950)=37”12’48” 

V L S R = - ~ .  0 km s-l. Note t h e  
similar morphologies of CS and 13C0. 
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Figure 5 

The interferometer  map of CS emission from 
S106 over la id  on i t s  1.3 cm rad io  continuum 
emission. Note t h e  an t i -cor re la t ion  of the  
s p a t i a l  d i s t r i b u t i o n  of t h e  molecular and 
ionized gas .  There i s  no evidence f o r  a 
d i sk - l ike  s t r u c t u r e .  The white speck a t  map 
center  i s  IRS4. 

(Bieging 1984). ,-istead, t h e  pura t ive  
opposi te  s ides  of t he  H I 1  region,  a s  s e e n i n  our higher reso lu t ionobserva t ions .  

isk breaks up i n t o  two aense condensations on 

111. Conclusions 

High-velocity CO emission assoc ia tedwi th  ac t ive  star-forming cloud cores has 
been in t e rp re t ed  as outflows from embedded young s t e l l a r  ob jec t s .  I n  some cases ,  
t hese  flows appear t o  be b ipolar  on arc-minute angular s c a l e s  (Lada 1985). Some 
authors have postulatedmassive (100 Mol, l a rge-sca le ,  ro t a t ingmolecu la r  d i sks  
as t h e  energy source and/orfocussing agent f o r t h e  outflows. The observat ions 
p re sen tedhe re  show no d i r e c t  evidence o f t h e  hypothesized d i sks .  I n  p a r t i c u l a r ,  
t h e  high-resolut ion d a t a  f o r  SI06  (one of t h e  sources with bes t  p r i o r  evidence f o r  a 
d isk)  show t h a t  t h e  presumed d isk  is ,  i n  r e a l i t y ,  two dense knots of n e u t r a l  gas on 
opposi te  s ides  o f t h e  conica lHI1  region. These dense concentrat ions of n e u t r a l  gas 
a r e  probably responsible  f o r  cons t r ic t ing  t h e  H I 1  region’s  expansion along i ts  minor 
ax i s .  

A prel iminary i n t e r p r e t a t i o n  of t h e  data  presented here  lends support  t o  t h e  idea 
t h a t  a h o t ,  ionized wind sweeps out t h e  surrounding cloud mater ia l  soon a f t e r  s t e l l a r  
formation. However, it must be noted tha t  t h e  th ree  regions s tud ied  here  were already 
known from o p t i c a l  and r ad io  s tud ie s  t o  contain ionized gas .  
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